between Days 5 and 8 of pregnancy (time span coinciding with implantation) and to be localized at the implantation sites . Since recent studies in our laboratory showed that during low progesterone levels, thyroid activity significantly influences the implantation of delayed blastocysts, investigations were initiated to determine how the uterine environment differs during the conditions of altered thyroid activity and progesterone deficiency. As a part of these investigations, experimental conditions simulating those used in the delayed implantation studies were examined for their effect upon uterine alkaline phosphatase activity and upon uterine oxygen consumption.
MATERIALS AND METHODS
The procedure for obtaining the delayed implantation of blastocysts has been described in detail elsewhere (Holland et al. 1967) . Briefly, it is based upon the method of Cochrane 8c Meyer (1957) (Holland et al. 1967) . Immediately above the bar graphs of Fig. 1 is shown a tabulation of the intensity of the alkaline phosphatase reaction in the three regions of the uterine endometrium for the various treatment groups used in the delayed implanta¬ tion studies. In addition, the tabulation in the upper-most portion of Fig. 1 shows the oxygen consumption values in /d/mg/h for the uterine tissue from these same animals. It is seen that lowering the daily maintenance dose of progesterone from 2 mg to 0.4 mg also caused a decrease in the levels of alkaline phosphatase in the endometrial epithelium and glands. Corresponding with the increased number of implantation sites shown in the bar graphs, the uteri of the non-pregnant, low progesterone-treated hyperthyroid rats showed a rebound or a restoration of the endometrial alkaline phosphatase to an intensity even greater than that seen in control 2 mg progesterone-treated animals. The uterine alkaline phosphatase findings for rats which received oestrone along with the progesterone for an additional 48 hours are not shown in the tabulation of Fig. 1 . However, the oestrone addition was found to in¬ crease the intensity of the alkaline phosphatase reaction in each of the three endometrial regions for each group (2 mg and 0.4 mg) of control and hyper¬ thyroid rats to the + + + level (as is seen in the 0.4 mg hyperthyroid tabula¬ tion) in the cases which did not already show this level in Fig. 1 . On the other hand, hypothyroid rats of both the 2 mg and the 0.4 mg progesterone dose showed only a slight increase in alkaline phosphatase activity following the addition of oestrone. This slight increase occurred in the uterine glands; the uterine epithelium remained negative in all thyroidectomized animals.
The uterine oxygen consumption, shown in the upper-most section of Fig. 1 , on the other hand, cannot be closely correlated with the progesterone-thyroid alterations and thus, the changes in the intensity of the alkaline phosphatase reaction cannot be attributed to changes in the general metabolism of the uterus.
Control QOo data showed that the oxygen consumption of the rat uterine slices varies with the stage of the oestrous cycle, being highest in prooestrus (1.128 ± .055//l/mg/h) and lowest in dioestrus (0.868 ± .090 //1/mg/h). This agrees with the findings of other investigators (e. g. Kerly 1937 ). Also, ovari¬ ectomy was found to significantly decrease uterine oxygen consumption (0.829 + .037; < 0.01 when compared with the prooestrus level) and daily administration of 48 µg L-thyroxine for 10 days was found to significantly elevate the QOo of uteri from ovariectomized rats (0.995 ± .030; < 0.01 when compared with euthyroid ovariectomized rats) while thyroidectomy was without effect in intact or in ovariectomized rats. In Fig. 1 Fig. 3 shows: (1) a photograph of the control slide for the reaction, (2) alkaline phosphatase reaction in a section from an ovariectomized (11 day) untreated rat; note the negative reaction in the epithelium and a slight reaction in the glands, and (3) alkaline phosphatase reaction in a normal metoestrus rat. (The vaginal smear showed an equal number of cornified cells and leukocytes.) DISCUSSION Apparently, for blastocyst implantation and uterine alkaline phosphatase dis¬ tribution, hyperthyroidism compensates for progesterone deficiency within the dosage levels studied. This may be associated with some effect of thyroid hormone upon the metabolism (utilization or availability) of progesterone. The alkaline phosphatase may be influenced by thyroid hormone directly (studies with uteri from ovariectomized rats without replacement therapy indicate this Fig. 2 . Histochemical localization of alkaline phosphatase in frozen sections of rat uterine tissue (X 66) from animals pre-treated in a manner to simulate the studies of thyroidal influences upon delayed implantation. The sections on the left are from 0.4 mg pro¬ gesterone-treated rats while those on the right are from 2 mg progesterone-treated rats. The top row (photographs 1 and 2) are control animals, the middle row (photo¬ graphs 3 and 4) are hypothyroid, and the bottom photographs (5 and 6) are hyper¬ thyroid animals. Dark areas indicate a positive alkaline phosphatase reaction. Note differences in the intensity of the reaction in the capillaries (c), epithelium (e), and glands (g) of the various treatments. Fig. 3 . Histochemical localization of alkaline phosphatase in frozen sections (X 80) of uteri from rats used for control observations. Photograph number 1 shows a section (from a 2 mg progesterone-treated rat) which was taken through each step of the alkaline phosphatase procedure except incubation in the substrate and thus no darkened areas. Photograph number 2 shows the alkaline phosphate reaction in an untreated animal which had been ovariectomized for 11 days while photograph number 3 shows the reaction in a normal metoestrus rat. possibility) in addition to being influenced by thyroid hormone indirectly by means of a thyroidal-induced alteration of the progesterone metabolism.
Alkaline phosphatase may be influential in the survival and implantation of blastocysts. As pointed out earlier, this enzyme has been found (Manning et al. 1966) to increase in the uterus between Days 5 and 8 of pregnancy, and it has been found Concerning the possibility of a thyroxine-induced alteration of the pro¬ gesterone metabolism, our preliminary findings using 4-14C-progesterone in a modification of the procedure of Short 8c Rowell (1963) show that hyperthyroid rats have significantly lower blood levels of progesterone after the same time interval when compared with euthyroid rats. Possibly the hyperthyroid con¬ dition is promoting an increased metabolism and/or utilization of progesterone which may be advantageous to the economical or efficient use of low levels of progesterone. The action of thyroxine in the augmentation of the progesterone
